Emanuel da Silva ROVAI (a) Bruno Nunes de FRANÇA (a) Danilo Andrés BALZARINI (a) Ieda Santos ABREU (a) Sheyla Batista Bologna LOPES (b) Thaís Borguezan NUNES (b) Silvia Vanessa LOURENÇO (b) Sandra Gofinet PASOTO (c) Luciana SARAIVA (a) Marinella HOLZHAUSEN (a) Introduction Primary Sjögren's Syndrome (pSS) is a systemic autoimmune disease mainly characterized by involvement of the exocrine glands, leading to dry mouth or sicca syndrome, 1,2 with a global prevalence of about 0.04 to 4.8%, and most affecting women between the fourth and fifth decades of life. 3 Compromised salivary flow and consequent higher dental plaque index are associated with increased prevalence of chronic periodontitis in pSS patients. 4, 5, 6 In fact, Celenligil et al. 7 observed a higher presence of serum antibodies against periodontal pathogens such as Aggregatibacter actinomycetemcomitans (Aa) and Porphyromonas gingivalis (Pg) in pSS patients, compared with healthy subjects with severe chronic periodontitis. Interestingly, Lugonja et al. 8 also found raised serum antibody levels to Prevotella denticola in pSS patients, compared with a non-inflammatory group of patients with osteoarthritis. These findings may be related to a worse response to colonization and infection by these pathogens, which appear to be present in greater number in the subgingival biofilm of pSS patients. There is also a higher concentration of interleukin (IL) 1, IL-8 and IL-10, important cytokines produced by the inflammatory infiltrate of polymorphonuclear leukocytes, in the gingival crevicular fluid (GCF), saliva and peripheral blood of patients with pSS.
9,10,11 IL-1 and IL-8 cytokines stimulate the adhesion and chemotaxis of immune cells in the inflamed area, thereby expanding the inflammatory cascade. 9, 10 It is believed that the greater presence of pro-and anti-inflammatory cytokines in patients with pSS could influence immunological and local inflammatory responses during the course of periodontal disease. 9, 12 On the other hand, Nakamura-Kiyama et al. 13 demonstrated that the presence of chronic periodontitis could lead to apoptosis of acinar cells of the salivary glands, suggesting that periodontal inflammation could affect local saliva production. This conclusion raises an inquiry into how periodontal disease can affect local and systemic changes in patients with pSS. Hence, we hypothesized that periodontal therapy conducted by eliminating periodontal inflammation could lead to salivary and systemic changes in patients with pSS. Thus, the present study evaluated the effects of nonsurgical periodontal therapy on the clinical, immunological and microbiological parameters of periodontal disease, and on the systemic activity indexes and symptoms of pSS.
Methodology Patient selection and study design
All the patients with pSS and the healthy controls were selected from January to July of 2015 on the premises of the University of São Paulo, São Paulo, Brazil. The present study was approved by the Ethics Committee of the School of Dentistry of the University of São Paulo (FOUSP), under number 31643114.9.0000.0075, and by the Hospital Ethics Committee of the School of Medicine, University of São Paulo (HCFMUSP), under number 31643114930010068; all selected patients and control individuals signed an informed consent form. The study design was prospective, lasting 3 months, followed by non-surgical treatment of periodontal disease in pSS patients, and included healthy control individuals without symptoms of the sicca syndrome ( Figure 1) .
The patients recruited comprised 14 of the 60 female pSS patients diagnosed according to the classification criteria of the American-European Consensus Group of 2002 14 and the criteria of the American Academy of Rheumatology of 2012, 15 aged between 35 and 70 years, and followed up at the Sjögren's Syndrome Service of the Hospital Clinics of the School of Medicine, University of Sao Paulo. The exclusion criteria were as follows: presence of active severe systemic involvement (neurological, pulmonary, renal or vasculitis involvement), smoking, current use of antibiotics or of phenytoin or calcium channel blockers, positive serology for HIV or hepatitis B or C, other autoimmune diseases (such as systemic lupus erythematosus, rheumatoid arthritis or systemic sclerosis), pregnancy or lactation, current chemotherapy and history of periodontal treatment, in the six months preceding the start of the study.
The pSS patients were divided into the following groups: (i) pSS with chronic periodontitis (SCP, n = 7), based on the criteria by López et al., 16 and (ii) pSS without chronic periodontitis (SC, n = 7). Healthy control women with no symptoms of sicca syndrome were age-matched to the pSS groups, with a maximum of 5 years of difference, and divided into: (iii) control group with chronic periodontitis (CP, n = 7) and (iv) control group without chronic periodontitis (C, n = 7).
Clinical examination
All patients selected for the study (n = 28) were subjected to a clinical examination performed from 8 a.m. to 10 a.m. Periodontal examination was performed using a computerized periodontal probe (Florida PROBE ® version 9. 12. 26) by a calibrated examiner (E.S.R.). Excluding third molars, 6 periodontal sites from all the teeth were evaluated regarding probing depth (PD), clinical attachment level (CAL), bleeding on probing (BOP) and plaque index (PI). 17 Patients with pSS were also evaluated by a rheumatolog ist (S.G.P.), who calculated the EULAR Sjögren's syndrome disease activity index (ESSDAI), composed of 12 domains (constitutional, lymphadenopathic, glandular, articular, cutaneous, respiratory, renal, muscular, peripheral nervous system, central nervous system, hematological and biological). 18 The degree of symptoms was evaluated by calibrated examiners (E.S.R.) and (L.M.B.A.) using the EULAR Sjögren's Syndrome Patient Reported Index (ESSPRI), which is calculated by an arithmetic mean, and composed of 3 domains (dry mouth, fatigue and pain). 19 Gingival crevicular fluid (GCF) and salivary sample analysis
The collection of GCF in the periodontal sites of each quadrant followed the criterion of greater PD and/or greater CAL. The teeth were selected after removal of the supragingival bacterial biofilm, isolated using sterile cotton wool rolls and gently dried with directed air jets. Sterile paper strips (Periopaper Strip ® Collection, Oraflow, Plainview, NY, USA) were then inserted for 30 seconds. 20 Samples visibly contaminated with blood were discarded. The volume Lost to follow-up: n = 0 n = 7 with complete data n = 7 analyzed
Lost to follow-up: n = 0 n = 7 with complete data n = 7 analyzed
Control subjects without chronic periodontitis matched with pSS group n = 7
Subjects with pSS and without chronic periodontitis n = 7
Subjects with pSS and chronic periodontitis n = 7 The salivary samples were collected as follows. The patients were instructed to refrain from eating, smoking and drinking 1 hour before the collection. They were asked to rinse their mouth with water for 30 seconds, after which their saliva was collected for 5 minutes and they proceeded to spit their saliva in a flask. 21 The salivary samples were centrifuged and 200µl of the supernatant was stored at 80 0 C for further immunological analysis.
Immunological analysis was performed for IL-1, IL-8 and IL-10 cytokines using specific ELISA kits (R & D Systems, Minneapolis, MN, USA), according to the manufacturer's protocols.
Microbiological analysis
The subgingival microbial samples were collected from the same periodontal sites selected for GCF samples. Sterile paper points (Tanariman Ind. LTDA Manaus, AM, Brazil) were inserted to the bottom of the pockets, and then transferred to polypropylene tubes, where they were stored at -80°C.
The DNA of the samples was extracted using the Quiamp DNA Mini Kit (Qiagen, Hilden, Germany), according to the manufacturer's instructions. After extraction, the concentration and the purity of the DNA were measured using a spectrophotometer (ND-100 Spectrophotometer ® , NanoDrop Technologies Inc., Wilmington, DE, USA). The quantification of Porphyromonas gingivalis (Pg), Aggregatibacter actinomycetemcomitans (Aa), Tannerella forsythia (Tf) and Treponema denticola (Td) was made by real-time PCR in a StepOnePLus TM thermocycler (Applied Biosystems ® , Foster City, CA, USA), using specific primers. 22, 23, 24 The total bacterial load was determined using universal 16S rRNA primers. 21 Standard curves were made using specific 16S rRNA genes for each species cloned in the PCR 2.1 TOPO TA ® vector (Invitrogen, Carlsbad, CA, USA), diluted from 10 7 to 10 1 copies. The amplification efficiency ranged from 90 to 110%. The qPCR products were detected by fluorescence using the Power SYBR Green PCR Master MIX (Applied Biosystems, Points Birchwood, Warrington, UK) and 2μl of DNA template. The DNA samples and standard dilutions were run in triplicate. The cycles were standardized for each bacterium: 95°C / 15 ", 65°C / 1 ', 81°C / 10", 40 cycles for Aa; 95°C / 15 «60° C / 1 ‹, 81°C / 10", 40 cycles for Pg; 95° C / 15", 60°C / 1 ', 74° C / 10", 40 cycles for Tf; and 95°C / 15 "60°C / 1', 83.7°C / 10", 40 cycles for Td. The levels of each species were expressed as the number of copies of the 16S rRNA gene. An average load of bacteria for each microorganism was calculated for each subject by averaging the microbial values of the four collected sites.
Nonsurgical periodontal treatment
All patients received adequate instructions of oral hygiene (IOH). Patients diagnosed with chronic periodontitis were referred for nonsurgical periodontal treatment, which was performed by I.S.A. The periodontal treatment consisted of scaling and root planing of the entire mouth using an ultrasound (Cavitron, Dentsply, Chicago, IL, USA) and manual curettes (Hu-Friedy, Chicago, IL, USA) to perform fullmouth scaling (F.M.S.), adapted from Quirynen et al. 25 Depending on the amount of calculus, the procedure was performed in 2 sessions with a 1week interval.
Clinical reassessment
After non-surgical periodontal therapy, patients in the SCP and CP groups were reassessed by calibrated examiners (E.S.R. and L.M.B.A.) for clinical parameters, collection of saliva, GCF and subgingival microbiota samples taken at 30 and 90 days.
Power calculation
Sample size calculation considered the primary outcome as "salivary flow." Considering a standard deviation of 0.27ml/min, a level of significance of 5%, a power of 90% and a 2-sided test, 13 patients per group would be required to detect a difference of 0.35ml/min between Sjögren's subjects and healthy controls. Accordingly, we decided to include 14 Sjögren's patients (7 with periodontitis and 7 without periodontitis) and 14 healthy controls (7 with periodontitis and 7 without periodontitis).
Statistical analysis
The data were analyzed by the Student's paired ttest. The Fisher's exact or chi-square tests were used to evaluate the frequency of variables. Correlation risk analyses were performed using the Pearson linear correlation test. All analyses and graphics of the present study were performed using the GraphPad Prism version 6.0 and Instat 3 statistical programs. A value of p <0.05 was considered statistically significant, and the data were presented as ± mean of the standard deviation (SD).
Results

Demographic data and periodontal clinical parameters
The prevalence of edentulism in the group of patients with pSS was 31.66%. Each study group included seven individuals with similar mean age (p = 0.79) and socioeconomic status (p = 0.99) ( Table 1) . Table 2 illustrates the overall current therapy, such as the use of artificial saliva and antirheumatic drugs in the SC and the SCP groups. There were no significant changes in the use of medications between the two groups (SC and SCP, p > 0.05). In addition, the table also reveals that only one patient from the SCP group was given an increased dose of prednisone 30 days after periodontal treatment.
The SC group presented the worst rate of BOP, and the worse PI, compared with the C group (p = 0.01). At baseline, there were no significant differences between the SCP and CP group in relation to the periodontal clinical parameters.
Periodontal treatment was effective in the CP group for all periodontal clinical parameters evaluated at 30 days (p < 0.05), and remained stable at the 90day revaluation. In the SCP group, improvements were also observed for all periodontal clinical parameters during the 30-day trial (p < 0.05), except for CAL (CAL, p = 0.46), which showed improvement only at the 90day reevaluation (p = 0.01). Interestingly, the SCP group showed further deterioration in PI (p < 0.05) at the 90day reevaluation (Table 3) .
Salivary analysis
The SC group showed a significantly lower salivary flow, increased concentration of IL-1ß and IL-8, and lower concentration of IL-10, compared with the C group (p < 0.05).
At baseline, the SCP group presented decreased salivary flow and increased concentration of IL-1ß, compared with the CP group (p<0.05). Within the SCP group, there was a significant increase in total unstimulated salivary flow both at the 30 and 90day time points (p < 0.05) ( Table 4) . Interestingly, there was a negative correlation between salivary flow and PI (r = -0.21).
GCF analysis
The SC group had a higher concentration of IL-1ß in GCF, compared with the C group (p = 0.01). Moreover, the SCP group presented a higher amount of GCF volume and lower concentration of IL-10 (p < 0.05), compared with the SC group. Similarly, the CP group presented a greater amount of GCF volume and lower concentration of IL-10 (p < 0.05).
In the CP group, increased IL-10 levels and decreased GCF volume were found (p < 0.05) at the 30day reevaluation; these results were maintained (p = 0.01), together with increased levels of IL-8 (p = 0.03), at the 90day reevaluation.
In the SPC group, there was a statistically significant increase of IL-10 and decrease in GCF volume (p < 0.05), at the 30day reevaluation; these results were maintained (p < 0.05) at the 90day reevaluation, together with increased levels of IL-1ß (p = 0.01) ( Table 5) .
Assessment of clinical systemic activity and symptoms of pSS
The presence of chronic periodontitis did not influence the ESSSDAI (p > 0.05). In addition, periodontal treatment did not significantly change the index (p > 0.05) ( Table 6 ). Regarding the ESSPRI, there was a significant improvement in the SCP group after periodontal treatment, compared with Table 3 . Mean and standard deviation of the periodontal clinical parameters of the Control Group (C), the Chronic Periodontitis Group (CP), the primary Sjögren's Syndrome Control Group (SC) and the primary Sjögren's Syndrome with Chronic Periodontitis Group (SCP). the baseline, both at 30 days and at 90 days (p = 0.03 and p = 0.04, respectively) ( Table 7) .
The ESSDAI was positively correlated with the IL-1 levels (r = 0.58 and r = 0.27, saliva and GCF levels, respectively), and the IL-8 levels (r = 0.47 and r = 0.50, salivary and GCF levels, respectively). In addition, there was a weak negative correlation between ESSDAI and salivary flow (r = -0.36).
The ESSPRI was positively correlated with the ESSDAI (r = 0.31), PS (r = 0.46), % of 4-6mm pockets (r = 0.29) and the GCF volume (r = 0.26). Furthermore, there was a negative correlation between the ESSPRI and both the salivary flow (r = -0.23) and the IL-1ß fluid levels (r = -0.38). In addition, pain was positively correlated with the PD (r = 0.62) and CAL (r = 0.42), and fatigue was positively correlated with the PD (r = 0.26) and CAL (r = 0.27).
Microbiological analysis
In relation to the microbiological samples collected at the periodontal sites at baseline, there were no differences in the number of Pg, Aa, Tf and Td bacteria, either between the SC and C groups or the CP and SCP groups. The periodontal treatment in the CP group showed a significant decrease in Pg, Aa and Tf bacteria at the 30-and 90day evaluations (p < 0.05) ( Table 8) .
Discussion
pSS is an autoimmune disease of unknown etiology and difficult diagnosis. 19, 26 Studies in oral health show that pSS patients have a diminished salivary flow with consequent high incidence of dental caries, increased susceptibility to oral candidiasis, tooth loss, greater periodontal destruction, pain symptoms during chewing, speech difficulties, tongue palpitation and angular cheilitis. 5, 6, 27, 28, 29, 30, 31, 32 The present study demonstrated that the decreased salivary flow in pSS patients was associated with higher PI, and a significant imbalance between the concentration of pro-and anti-inflammatory cytokines. Furthermore, it was observed that periodontal treatment of pSS patients can lead to increased salivary flow and improved ESSPRI. It was also seen that periodontally healthy pSS patients have higher PI and BOP, compared with healthy individuals without periodontitis. Interestingly, Antoniazzi et al. 9 demonstrated that, regardless of the amount of plaque, patients with pSS have worse gingival indexes, compared with healthy individuals.
In agreement with the findings by Boutsi et al., 4 our study also showed that patients with pSS and chronic periodontitis have similar clinical periodontal parameters (PD, CAL, BOP, PI), compared with systemically healthy patients with periodontitis at baseline, and after nonsurgical periodontal treatment at 30 and 90 days. According to Tincani et al., 33 pSS patients present a progressive impairment of the salivary glands, with consequent decrease in salivary flow. In the present study, there was an improvement in the salivary flow of pSS patients at 30 and 90 days after periodontal treatment. Similarly, a recent study by Nakamura-Kiyama et al. 13 showed that, in an experimental model of periodontitis, the removal of the ligature led to an improvement in the salivary flow in rats. The authors of this study suggested that the decrease in periodontal inflammation was associated with improved physiological function of the salivary glands. Interestingly, in the present study, the salivary flow was negatively correlated with probing depth, thus confirming the association of periodontal inflammation with the change in salivary flow.
In the present study, pSS patients showed a pro-inflammatory profile, since they presented greater salivary concentrations of IL-1β and IL-8, and lower concentrations of IL-10, compared with the healthy group. These findings corroborate those of other studies in the literature, which also showed higher concentrations of inflammatory cytokines in the saliva of pSS patients. 10, 34 Interestingly, Wu et al. 35 reported that polymorphonuclear neutrophils exposed to the La antigen and anti-La autoantibodies present in autoimmune diseases such as pSS showed increased IL-8 production.
Additionally, the present study demonstrated that increased salivary levels of IL-1ß and IL-8 were correlated with lower salivary flow in pSS patients. These findings could be related to the worse response seen in pSS patients in the first 30 days regarding CAL gain, compared with the control group. This local pro-inflammatory profile could somehow hamper the periodontal healing process mechanisms, as suggested by Pers et al., 5 who observed that pSS patients had more salivary concentration of B-cell activating factor (BAFF), a TNF family cytokine that could be related to a worse periodontal clinical status.
Furthermore, after periodontal therapy, there was a significant increase in IL-10 levels in the gingival crevicular fluid to levels similar to those of periodontally healthy patients. This increase was moderately correlated with the decrease in the volume of the fluid, in PI and in the percentage of 4to6mm periodontal pockets. These results corroborate evidence of the anti-inflammatory effects of IL-10 on periodontal tissues. 36 Microbiological analysis of periodontal sites of pSS patients showed no significant differences, compared with the control groups. These results agree with those by Almståhl et al. 31 , who also found no significant differences regarding the number of periodontopathogens in the periodontal pocket of pSS patients, compared with the control group. Interestingly, periodontal treatment did not result in a significant decrease in the number of bacteria in the pSS group. This suggests that these patients face a greater challenge in controlling these bacteria, and implies that periodontal supportive care should be maintained by frequent recall visits.
It is noteworthy that the present study, within the limits of its related literature search, was the first to assess the subjective and objective clinical response of periodontal treatment on systemic activity and the index of symptoms in pSS patients. Therefore, we suggest that our study may contribute to elucidating a possible two-way relationship between periodontal disease and pSS. Interestingly, we observed a significant improvement in the ESSPRI values after periodontal treatment. In addition, we observed a positive association between the ESSPRI and the clinical probing depth parameter. Importantly, there was a strong correlation between the ESSPRI pain component and the probing depth parameter. The improvement verified in the ESSPRI of patients in the present study after periodontal therapy was similar to that found by studies evaluating the effects of using rituximab and abatacept for 4 weeks on disease symptoms. 37, 38 In the present study, we also found a low correlation between the ESSPRI and the ESSDAI indexes (r = 0.31); this reinforces the need to associate the assessments of these important indexes in relation to pSS, as pointed out by Seror et al. 39 Moreover, there were no significant changes in the medications and the dosage along the experimental periods of the present study. Therefore, it can be suggested that the periodontal treatment itself may be the only factor responsible for the improved salivary flow and quality of life of patients with pSS.
The present study had some limitations associated with the small sample size (n=7 per group) and the short-term followup of 90 days that could have interfered in the main results. Furthermore, since the inclusion and exclusion criteria were strict, the external validity of this study was low; hence, the main findings can be applied only to women with pSS, non-smokers, without HIV or hepatitis B or C, who are not pregnant or lactating, and who are not undergoing chemotherapy.
Conclusions
The present study concludes that pSS patients present similar periodontal clinical, immunological and microbiological parameters, compared with control individuals both at baseline and after nonsurgical periodontal treatment. In addition, periodontal treatment resulted in a significant improvement in salivary flow and ESSPRI. It can therefore be suggested that periodontal treatment may positively affect the quality of life of pSS patients. 
